Reaction of cis-[L 2 Pt(l-OH)] 2 (NO 3 ) 2 (L = PPh 3 ) with 1-methylthymine (1-MeTy), in DMF, leads to the formation of the mononuclear neutral adduct cis-L 2 Pt{1-MeTy(-H)}(ONO 2 ) (1) whose structure in the solid state has been obtained by single crystal X-ray diffraction. The deprotonated nucleobase is bounded at the N (3) 
Introduction
Much is known on the binding modes of the model nucleobase N(3)-substituted 1-methylcytosine (1-MeCy) to a metal centre, as neutral and as N(4)-deprotonated (1-MeCy(-H)) ligand [1] . The usual site of metallation of the neutral base is the N(3)-endocyclic atom. However, the cases in which the iminooxo tautomer of the cytosine is stabilised through the coordination at the exocyclic N(4) have been also described [2] (Scheme 1).
In this paper we present an example of platinum(II) complex in which the initially N(3)-bonded cytosine (mode a) rearranges into its more stable tautomeric derivative (mode b). Such isomerisation, which requires the shift of one of NH 2 protons to the N(3) site of the cytosine ligand, occurs selectively in the cationic complex cis-[(PPh 3 ) 2 Pt{1-MeTy(-H)}(1-MeCy)] + (2), containing the deproto- 4 , where dppf is 1,1 0 -bis(diphenylphosphino)ferrocene [4] . 4 (85 w/w in D 2 O) for 31 P, and CH 3 NO 2 (in CDCl 3 at 50% w/w) for 15 N. Inverse detected spectra were obtained through heteronuclear multiple bond correlation (HMBC) experiments, using parameters similar to those previously reported [7] .
Experimental

Synthesis and materials cis-[L
X-ray structure determination
Diffraction data for compound 1 were collected at room temperature on a Nonius DIP-1030H system with Mo Ka radiation (k = 0.71073 Å). Cell refinement, indexing and scaling of the data set were carried out using programs DENZO [8] and SCALEPACK [8] . The structure was solved by direct method and subsequent Fourier analyses [9] and refined by the full-matrix least-squares method based on F 2 with all observed reflections [9] . A residual in the DF map was interpreted as lattice water oxygen at half occupancy (hydrogen atoms not located). All the calculations were performed using the WINGX System, Ver 1.70.01 [10] .
Crystal data of 1 Á 0. 
Results and discussion
Characterisation of cis-(PPh
The reaction of cis-[(PPh 3 ) 2 Pt(l-OH)] 2 (NO 3 ) 2 with 1-MeTy, carried out in different solvents (CH 2 Cl 2 , DMF, CH 3 CN), affords the neutral complex cis-(PPh 3 ) 2 Pt{1-MeTy(-H)}(ONO 2 ) (1) as the only product that can be isolated.
The X-ray structural determination of 1, reported in Fig. 1 , shows the Pt ion in a square planar coordination geometry achieved through the phosphorous atoms, the nitrogen donor of the thymine and the nitrate oxygen. The coordination plane manifests a slight tetrahedral distortion with atom donors displaced by ca. ±0.06 Å. The nucleobase is bound to the metal through the deprotonated N(3) donor (Pt-N(3) 2.050(6) Å), which represents the preferentially binding site for this pyrimidine base, while the Pt-ONO 2 bond distance is 2.117(4) Å, with Pt-O-N bond angle of 120.2(4)°.
As far as Pt-P bond lengths, it is worth noting the shorter value measured for the phosphine trans to the nitrate, (2.227(2) Å) with respect to that trans to the nucleobase of 2.270(2) Å. The N(3)-Pt-O(1) angle, 87.14(19)°, is narrower in comparison to the P(1)-Pt-P(2) one, 98.28(7)°, likely induced by steric requirements.
The Pt-N(3) and Pt-P(2) bond distances, trans to each other, of length 2.050 (6) (6)°and 119.4(5)°, respectively) in 1 are only slightly different since the base presents a pseudo twofold axis. This feature contrasts with the unsymmetrical connection observed for cytosine and guanine bases where the exocyclic N donor angles differ in the range 7-12° [13] .
The thymine base is oriented almost normal to the coordination mean plane forming a dihedral angle of 78.0(1)°, while the nitro group is more bent, and the mean plane figures out a dihedral angle of 64.6(2)°. The phenyl ring C(11) is oriented in such a way to favour an intramolecular p-p interaction with the model nucleobase (see Fig. 1 , centroid-to-centroid distance 3.677(5) Å, the dihedral angle formed by the rings 28.0°), and also indicated by the eclipsed conformation for the torsion angle C(11)-P(1)-Pt-N(3) (1.5°). Another intramolecular weaker p-p interaction is manifested by phenyl rings C(17) and C(29) that form an angle of 2.7°a nd their centroids are 3.795(5) Å far apart. The present structure confirms an arrangement of the ligands analogous to that found in the monocationic derivatives cis-[(PPh 3 ) 2 Pt(1-MeCy)(ONO 2 )]-NO 3 and cis-[(PPh 3 ) 2 Pt(9-MeGu)(ONO 2 )]NO 3 [13] . 
Characterisation of cis-[(PPh 3 ) 2 Pt{1-MeTy(-H)}(1-MeCy,N 3 )]NO 3 (2)
The addition of 1 equiv. of 1-MeCy to a DMF solution of 1 affords immediately the mixed complex cis-[(PPh 3 ) 2 Pt{1-MeTy (-H)}(1-MeCy,N 3 )]NO 3 (2) resulting in the fast replacement of the nitrato ligand by the added nucleobase. The reaction occurs quantitatively in DMF and CH 2 Cl 2 whereas in DMSO an equilibrium between the species 1 and 2 is observed. The spectroscopic analysis of the isolated product is consistent with the presence of the deprotonated 1-MeTy and the neutral 1-MeCy, both platinated at the N(3) atom. Due to the different orientations of the nucleobases with respect to the metal coordination plane (Scheme 2), two conformers are expected for complex 2. In the Scheme, the ht conformer is such to exhibit the methyl group, bound to the N1 atom in 1-MeCy and 1-MeTy, oriented in opposite directions.
The presence of two conformers in solutions of 2 was clearly evidenced in the 1 H and 31 P NMR spectra. As shown in Fig. 2a J PP = 20.0 Hz). Lowering the temperature at À40°C, two AB multiplets, having relative intensities of ca 2:1, whose parameters are collected in Table 2 , are detectable ( Fig. 2b and c) .
Similarly, in the 1 H NMR spectrum at room temperature, each nucleobase shows a single set of resonances. The assignments of the cytosine NH 2 protons were obtained through inverse detected Fig. 1S of the Supplementary material. At low temperature (À40°C) each nucleobase resonance appears doubled with a relative intensities of the signals of ca. 2:1 (see Section 2), in agreement with the presence of two head-to-tail and head-to-head conformers. The dynamic process leading to the broadening of one of the phosphine resonance, observed at room temperature (Fig. 2a) , was not investigated in details.
In solution of chlorinated solvents, DMF or DMSO complex 2 is only moderately stable. In a few days at room temperature it converts in large extent into the isomer cis-[(PPh 3 ) 2 Pt{1-MeTy(-H)}(1-MeCy,N 4 )]NO 3 , 3, in which the cytosine is coordinated to the metal through the N4 atom. The migration of the metal from the N(3) to N(4) site of the cytosine is evidenced in the 31 P NMR spectra by the appearance of a sharp AB system at lower field, as shown in Fig. 2d for a solution of 2 in CD 2 Cl 2 . After 8 days the residual concentration of 2 is about 6% in CD 2 Cl 2 as well as in DMF.
Characterisation of cis-[(PPh
Complex 3 was isolated as a pure compound from a solution of DMF by slow diffusion of Et 2 O but we were unable to obtain suitable crystals for X-ray structure analysis. Its characterisation, therefore, stems from NMR studies in solution. The presence of the cytosine in its iminooxo tautomeric form, platinated at the exocyclic N(4) atom, has been established by inverse detection of (Fig. 3) . This latter signal appears further split due to the coupling with one of the 31 P nuclei ( 2 J NP = 118 Hz).
A simple inspection of the molecular models, allowing an orthogonal arrangement of the two nucleobases with respect to the Pt coordination plane, [2c] leads to draw eight possible conformers for complex 3, four of them shown in Scheme 3.
In the head-to-tail conformation the hydrogen on the N4 atom (of cytosine) and the N1-CH 3 group (thymine) lie on the same side of the P 2 Pt plane, whereas in the head-to-head arrangement they are on the opposite sides. Moreover, owing to the double bond character of the C4-N4 bond, the hydrogen atom bound at the N3 position can be near (syn) or far (anti) with respect to the metal. Fig. 2d and 5a indicates that in CD 2 Cl 2 3 is present as a mixture of two conformers, one of which is largely predominant (ca. 20:1), both characterised by AB patterns (see Table 2 ). The major resonances, at d 10.01 and 3.67 ppm, exhibit well resolved 195 Pt satellites. It is worth to note that the migration of the metal from the N3 to the N4 site of the cytosine determines a remarkable shift at lower field of both the PPh 3 resonances and significant changes of the 1 J PPt values. The cis-trans isomerism about the N4@C4 double bond was investigated through NOESY experiments that allow the evaluation of the relative distances between the protons [14] . In our case the cross peak between H5 and N4H is considerably more intensive than the N3H-N4H cross peak, and it appears in the contour plot at a relatively larger intensity level (as shown in Fig. 4) .
These results allow us to say that the conformer having a trans arrangement of H3 and H4 around the cytosine N4@C4 double bond is the predominant species, although we cannot discriminate between the ht,syn and the hh,syn conformers.
The number of conformers depends on the solvent and the temperature. Fig. 5a and b shows the 31 P NMR spectra of 3 in CD 2 Cl 2 at 25 and À90°C, respectively. Each doublet of the main system AB observed at room temperature, appears to be replaced by a couple of signals having a relative intensity of 2.5:1 (Table 2) at low temperature. Moreover, in addition to a third relatively broad AB system (at d 9.48 and 4.55 ppm), others very weak doublets are detectable in Fig. 5b . The 31 P NMR spectral changes with temperature find a correspondence on the 1 H NMR spectra (see Section 2). As expected, two set of signals (relative intensities 2.5:1) for each nucleobase were observed at À90°C. These are likely to arise from a slow rotation of the cytosine ligand around the Pt-N4 bond, at low temperature.
In agreement with the observations carried out in related cytosine complexes [2c], the relative stability of the conformers depends on the nature of the solvent. As shown in Fig. 5c and Table  2 , significant changes on the relative intensities of the NMR signal occur when 3 is dissolved (or prepared) in DMSO or DMF. weeks at room temperature about 50% of cis-½ðPMe 3 Þ 2 Ptf1-MeCyð-HÞg 2 2þ appears to have converted into the thermodynamically stable trinuclear derivative cis-½ðPMe 3 Þ 2 Ptf1-MeCy ð-HÞg 3 3þ , shown in Fig. 6c as a sharp AB system at lower field. The same figure indicates that a small amount of the complex 4 is still present in the reaction mixture, along with other unknown species, not observed initially, responsible of the new singlets at d À31.50 and À31.61 ppm.
The nature of the intermediate(s) leading to cis-½ðPMe 3 Þ 2 Pt f1-MeCyð-HÞg 2 2þ remains undefined. The presence of an iminooxo species, analogue of 3, seems to be ruled out, since the only detectable resonance in the low field region of the 1 H NMR spectrum was that of free 1-MeTy (at d 11.18). A better insight in this system is strongly limited by the low solubility of 4 in chlorinated solvents or DMF.
Conclusion
In this paper we have presented the characterisation of a rare example of cytosine complex in which the tautomeric form of the nucleobase is stabilised through the metal coordination at the exocyclic nitrogen. The precursor of this species is the isomer cis-[(PPh 3 ) 2 Pt{1-MeTy(-H)}(1-MeCy,N (dppf = 1,1 0 -bis(diphenylphosphino)ferrocene) [4] . In that case, however, the isomer cis-[(dppf)Pt{1-MeTy(-H)}(1-MeCy,N 4 )] + was stable only in solution. Finally, the peculiar properties of the PPh 3 ligands in the stabilisation of the cytosine ligand in its iminooxo form stems on the comparison with the reactivity of 4, the PMe 3 analogue of 2. In this case a proton exchange from the cytosine to the thyminate ligand occurs, leading to the elimination of the thymine molecule, to the stabilisation of the cytosinate anion into the cyclic species cis-½ðPMe 3 Þ 2 Ptf1-MeCyð-HÞg 2 2þ and to the trinuclear analogue cis-½ðPMe 3 Þ 2 Ptf1-MeCyð-HÞg 3 3þ . 
